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Introduction
Neutrophilic granulocytes carry out oriented migration directed by soluble chemotactic agents or adhesion molecules on the cell surface, phagocytosis initiated by opsonin receptors, and production of superoxide (O 2 ⅐Ϫ ) ions. All of these processes require fine temporal and spatial regulation of the small GTPases of the Rho family (Rac, Rho, and Cdc42). [1] [2] [3] As molecular switches, G proteins alternate between a GTP-bound active form, and an inactive GDP-bound state. Operation of the GTPases is modulated by 3 types of proteins. Guanine nucleotide dissociation inhibitors (GDIs) keep small G proteins in an inactive GDP-bound state. Guanine nucleotide exchange factors (GEFs) facilitate the GDP dissociation, and allow binding of intracellularly abundant GTP. GTPase-activating proteins (GAPs) inactivate the small G proteins by enhancing their GTP hydrolysis, which leads to signal down-regulation or termination. 4 On the basis of the homologous catalytic domain, approximately 70 proteins are predicted to function as Rac/RhoGAPs in different human tissues. 5, 6 A couple of the GAP-domaincontaining proteins have no catalytic activity, 7, 8 and many of the potential Rho-family GAPs have never been expressed as proteins, thus their catalytic activity, substrate specificity, and physiologic functions are presently unknown. GAPs are characterized by diverse domain structures, which suggest that these proteins are components of well-defined molecular complexes. 9 However, the GAP repertoire expressed by individual cells is unknown, and the question whether GAP proteins have overlapping roles in signal transduction or whether each GAP regulates a specific function is still open.
In human peripheral blood neutrophils, 3 GAPs of the Rac/Rho family GTPases-p50RhoGAP, Bcr, and p190RhoGAP-have been detected by immunoblotting, 10 but their functions have been only partially characterized. In vivo data, obtained in genetically modified mice, indicate that p50RhoGAP (also called Cdc42GAP) is involved in regulation of cell motility, 11 the Rac-specific Bcr functions in downregulation of superoxide production, 12 whereas the recently described ArhGAP15 seems to affect all Rac-dependent functions. 13 Surprisingly, p190RhoGAP that was suggested to be involved in the regulation of RhoA through ␤ 2 -integrins in human neutrophils, 14 in a recent study proved not to be a major regulator of integrin-mediated neutrophil functions in mice. 15 These observations raise the question of species-specific regulatory roles of Rac/RhoGAPs. In a cell-free system, using human or bovine neutrophils, p190RhoGAP, p50RhoGAP, and Bcr were shown to regulate the phagocyte NADPH oxidase through Rac under in vitro condtions. 10, 16 However, data on participation of Rho-family GAPs in regulation of human neutrophils at the cellular level are still missing.
The ARHGAP25 gene is located on human chromosome 2p13 and encodes a protein of 639 amino acids with a potential Rho/RacGAP domain (151-340 aa). 17 A homologous protein, ARHGAP24 (also called FilGAP) has been expressed and functions in fibroblasts as a GAP specific for Cdc42 and Rac. 18 According to the EST database ARHGAP25 is significantly expressed in the spleen and in peripheral leukocytes. However, ARHGAP25 has never been expressed as a full-length protein and its potential functions have never been reported.
The aim of the present study was to investigate ARHGAP25 as a potential Rho-family GAP in human neutrophils. In this paper we show that: (1) ARHGAP25 protein is present in leukocytes, including neutrophilic granulocytes, and is expressed in the PLB-985 cell line; (2) it acts as a GAP for Rac both in vitro and in vivo; and (3) functions as a negative regulator of phagocytosis of neutrophils.
COS7 and COSphoxFc␥R cells (a generous gift of Dr Mary Dinauer, Indianapolis, IN) were grown in Dulbecco modified Eagle medium with GlutaMAX I (Invitrogen) supplemented with 10% (w/v) FBS, 50 units/mL penicillin, and 50 g/mL streptomycin in a 5% humidified CO 2 incubator at 37°C. Media for Fc␥RIIa-expressing COSphoxFc␥R cell lines also included 0.2 mg/mL hygromycin, 0.8 mg/mL neomycin, and 1 g/mL puromycin as described. 21 PLB-985 cells were grown in RPMI-1640 media (Lonza) supplemented with serum and antibiotics as previously described. PLB cells were differentiated into neutrophilic granulocytes for 7 days in the presence of 0.5% dimethylformamide. Differentiation was controlled on the basis of CD11b expression, using phycoerythrin-labeled anti-CD11b antibodies (DAKO), as described. 22 Venous blood was drawn from healthy adult volunteers according to procedures approved by the Institutional Review Board of Semmelweis University, and human neutrophilic granulocytes were prepared as described. 23 Human monocytes were obtained from venous blood of healthy volunteers by dextran sedimentation followed by Ficoll-Paque gradient centrifugation. Cells were finally resuspended in RPMI-1640 media supplemented with 10% (w/v) FBS, 50 units/mL penicillin and 50 g/mL streptomycin. Macrophages were differentiated in the presence of 50 ng/mL macrophage colony-stimulating factor (M-CSF, Peprotech). Human T cells and B cells from tonsils were a kind gift from Mariann Kremlitzka and Andrea Balogh (Department of Immunology, Eötvos Lorand University of Sciences, Budapest, Hungary). Transient transfection of COS7 and COSphoxFc␥R cells was performed using Fugene HD (Roche Applied Science) according to the manufacturer's instructions. Cells were transfected with wild-type or mutant ARHGAP25 constructs or the empty CFP-C1 vector. PLB cells were transfected using the siSTRIKE U6 hairpin cloning system (Promega) to produce ARHGAP25-silenced stable cell clones. The target sequence on ARHGAP25 mRNA started at nucleotide 244 from the start codon. The effective shRNA oligos and the control shRNA oligos, containing minimal modifications were ordered from Sigma-Aldrich (supplemental Table 1 ). Transfection was performed using the Amaxa Nucleofector kits and devices (Lonza). After transfection, cells were cloned and selected with 10 g/mL puromycin to generate stable clones. Transient transfection of human macrophages was carried out with the Amaxa Human Macrophage Nucleofector Kit and device (Lonza) according to the manufacturer's instructions. Supplemental Table 1 contains the sequences of effective and control siRNAs.
Immunoblotting
Cells were lysed on ice in lysis buffer (30mM Na-HEPES, 100mM NaCl, 2% (w/v) Triton-X-100, 20mM NaF, 1mM Na-EGTA, 1mM Na-EDTA, 100mM benzamidine, 0.02% (w/v) diisopropyl phosphorofluoridate, 1% (w/v) aprotinine, 1% (w/v) protease inhibitor cocktail (Sigma-Aldrich), 1% (w/v) phosphatase inhibitor cocktail 2 (Sigma-Aldrich), and 1% (w/v) phenyl methyl sulfonyl fluoride; pH 7.5).
Neutrophil crude membrane and cytosol fractions were prepared as previously described. 24, 25 The lysates were boiled and run on 10% (w/v) polyacrylamide gels. Separated proteins were then transferred to nitrocellulose membranes. After blocking for 1 hour in PBS containing 5% defatted milk powder and 0.1% (w/v) tween 20, blots were incubated with anti-ARHGAP25 polyclonal antibody (see also supplemental Figure 1 for details) in 1:2000 dilution or anti-p50RhoGAP polyclonal antibody in 1:1000 dilution or anti-GST antibody (Invitrogen) in 1:1000 dilution or anti-␤-actin mAb (Sigma-Aldrich) in 1:10 000 dilution. Bound antibody was detected with enhanced chemiluminescence using horseradish peroxidase-conjugated anti-rabbit-Ig (from donkey) or anti-mouse-Ig (from sheep) secondary antibodies (GE Healthcare) used in 1:5000 dilution.
Measurement of the GTPase activity of small G proteins
The GTP-ase activity was measured by the nitrocellulose filter-binding assay as described. 26 Loading of recombinant Rac1, RhoA, or Cdc42 (1-4 g of E coli protein) was performed for 5 minutes at room temperature with a high specific radioactivity of [␥-32 P]GTP (more than 5000 Ci/mM) in low magnesium buffer (16mM Tris-HCl, pH 7.5, 20mM NaCl, 0.1mM dithiothreitol [DTT], 5mM EDTA, and 100nM [␥-32 P]GTP [5 Ci]). Thereafter, MgCl 2 was added at 20mM to diminish further nucleotide exchange. The solution was kept on ice to decrease nucleotide hydrolysis. The GTPase reaction was initiated by the addition of 3 L of small G protein loaded with [␥-32 P]GTP to 27 L of a warmed (20°C) buffer (16mM Tris-HCl, pH 7.5, 0.1mM DTT, 1 mg/mL bovine serum albumin, and 1mM unlabeled GTP) containing the different domains of ARHGAP25 or the full-length protein. Aliquots (5 L) were taken at regular intervals and filtered through nitrocellulose membranes (0.45-m pore size), followed by washing 3 times with 2 mL of cold buffer consisting of 50mM Tris-HCl and 5mM MgCl 2 ; pH 7.7. The filters were dried and the radioactivity was measured by the Cerenkov effect in a Beckman LS 5000TD liquid-scintillation spectrometer. GAP activity is presented as the decrease in protein-bound radioactivity retained on the filters in time. The in situ GTPase activity was confirmed with microscopic analysis of EGF-stimulated COS7 cells overexpressing the ARHGAP25, the mutant GAP protein (ARHGAP25R192A), the p50RhoGAP or the control vector as previously described. 27 
Quantification of phagocytosis
One gram of Saccharomyces cerevisiae (yeast) was boiled in 300 mL of distilled water for 30 minutes, and then was washed 4 times in 50 mL of 
Measurement of F-actin level
Differentiated ARHGAP25-silenced and control PLB cells were washed twice with FACS buffer (0.1% (w/v) bovine serum albumin and 0.1% Na-azide in PBS), and then fixed with fixative buffer (4% (w/v) paraformaldehyde, 0.1% (w/v) saponin, in FACS buffer) at room temperature (RT) for 10 minutes. After washing, filamentous actin was labeled with Alexa-488-conjugated phalloidin (Invitrogen) dissolved in FACS buffer containing 0.1% (w/v) saponin, and incubated at RT for 20 minutes. After washing twice with FACS buffer, fluorescence intensity was measured with a Cell Lab Quanta SC flow cytometer. Relative fluorescence intensity was calculated as the quotient of the fluorescence intensity of nontreated and ARHGAP25 shRNA-or control shRNA-treated cells.
Measurement of O 2
⅐؊ production Extracellular superoxide production of PLB-985 cells was measured by the superoxide dismutase inhibitable reduction of cytochrome c as described. 23 Intracellular O 2 ⅐Ϫ production was determined by lucigenin-based chemiluminescence. The cells (10 7 /mL) were suspended in H-medium containing 5.1 mg/mL lucigenin (dissolved in DMSO). Aliquots (180 L) of the suspension were added into wells of a 96-well plate and prewarmed at 37°C for 5 minutes in a shaking Fluoroskan Ascent FI luminometer (Labsystems). As stimulus solution, 15 mg of zymosan was opsonized in 1 mL of normal or heat-inactivated (at 56°C for 50 minutes) pooled human serum at 37°C for 20 minutes. Thereafter, the cells were stimulated with the appropriate stimuli by the addition of 20 L of the stimulus suspension. Changes in the luminescence were recorded for 15 minutes at 37°C with gentle shaking.
Results

Expression of ARHGAP25 mRNA
Katoh and Katoh identified ARHGAP25 in silico as a novel member of the ARHGAP gene family homologous to human ARHGAP22 and ARHGAP24. 17 Chromosomal localization, coding sequence, exon-intron structure, and predicted protein domain structure were determined. 17 ARHGAP25 consists of an N-terminal PH domain followed by a GAP domain and a C-terminal coiled coil sequence ( Figure 1A) . Results of the EST database search suggested that ARHGAP25 is a leukocyte-specific GAP, which led us to investigate its tissue-expression profile. The full sequence of the ARHGAP25 was used as a probe in Northern blot analysis to determine the expression level of ARHGAP25 mRNA in human tissues. As shown in Figure 1B, we found the highest level of ARHGAP25 mRNA in the spleen and in peripheral leukocytes, whereas significantly lower expression was detected in other tissue types. This finding agrees with results of the EST database. We found only one remarkable signal at 1.8 kb, which suggests that ARHGAP25 probably has no splice variants.
Detection of ARHGAP25 protein in peripheral leukocytes
Polyclonal antibody was prepared against the coiled coil domain of ARHGAP25 to detect protein expression in whole cell lysate of different types of peripheral leukocyte. The specificity of the antibody was tested with Western blot analysis of ARHGAP25 fragments expressed as recombinant GST fusion proteins. The anti-coiled coil antibody specifically recognized the full-length ARHGAP25 and the coiled coil domain (supplemental Figure 1) . Western blot experiments for testing the overexpression or silencing of the protein also confirmed the specificity of the antibody ( Figures 3A and 4B ). According to our results ( Figure 1C) , ARHGAP25 was present in polymorphonuclear cells and peripheral blood mononuclear cells, as well as CD3 ϩ T cells and CD19 ϩ B cells from tonsils. The presence of ARHGAP25 was shown both in cytosolic and membrane fractions of neutrophils ( Figure 1C ).
GTPase activating effect of ARHGAP25
We expressed the full-length ARHGAP25 and its truncated fragments as GST fusion proteins (Figure 2A ) to test their GTPaseactivating effect in a classic radioactive GAP assay. Nonprenylated, [␥-32 P]GTP labeled GST-Rac, Rho, and Cdc42 had a slow, intrinsic Figure 2B-D) . After 15 minutes ϳ 80% of the [␥-32 P]GTP was hydrolysed by Rac or Cdc42, whereas GTPase activity of Rho was 2-fold slower. In 4 separate experiments, addition either of the full-length or truncated forms of GST-tagged ARHGAP25 induced significant increase in GTP hydrolysis on Rac, and all of the fragments had similar efficiency ( Figure 2B ). In contrast, none of the ARHGAP25 constructs had any effect on GTPase activity of RhoA or Cdc42 (Figure 2C-D) . Mutation of the arginine in position 192 to alanine resulted in loss of the RacGAP activity (supplemental Figure 2) . To confirm the GTPase activating effect of ARHGAP25 on Rac in vivo, COS7 cells were transfected transiently with cyan fluorescent protein (CFP)-tagged full-length ARHGAP25. Overexpression of CFP-ARHGAP25 abolished the EGF-induced ruffling ( Figure 2G,K) , which is a Rac-dependent function, 27,28 whereas ruffling was observed on the cells transfected with the control vector or the GAP-deficient mutant ARHGAP25R192A, or on the nontransfected cells (Figure 2I-K) . In transfected cells ARHGAP25 and ARHGAP25R192A showed diffuse distribution in the cytoplasm ( Figure 2F -G,J-K); however the control vector localized mostly in the nucleus ( Figure 2E,I ). We counted the percentage of ruffled cells from hundred transfected cells. In 4 separate experiments, overexpressed ARHGAP25 caused 4-fold decrease in ruffling compared with control cells and ARHGAP25R192A-transfected cells ( Figure 2M) . No difference was observed between the cells transfected with the mutant GAP and the control cells that contained the empty vector. It should be noted that COS7 cells transfected with ARHGAP25 did not exhibit the elongated phenotype, which is usually characteristic of cells over-expressing RhoGAPs 29 ( Figure 2G,K) . Both CFP-ARHGAP25 and CFP-ARHGAP25R192A colocalized with endogenous Rac in COS7 cells (supplemental Figure 3D -F,G-I), whereas cyan fluorescent protein itself did not colocalize with Rac (supplemental Figure  3A-C) . All of these findings are in agreement with the in vitro effect of ARHGAP25 on Rac.
ARHGAP25 REGULATES PHAGOCYTOSIS IN NEUTROPHILS
575 BLOOD, 12 JANUARY 2012 ⅐ VOLUME 119, NUMBER 2 For personal use only. on April 15, 2017. by guest www.bloodjournal.org From
CSÉ PÁ NYI-KÖ
MI et al BLOOD, 12 JANUARY 2012 ⅐ VOLUME 119, NUMBER 2 For personal use only. on April 15, 2017. by guest www.bloodjournal.org From GTP-hydrolyzing activity (
ARHGAP25 regulates the phagocytosis of COSphoxFc␥R cells
To explore the potential involvement of ARHGAP25 in phagocytosis, the effect of ARHGAP25-expression was examined with opsonized, fluorescently labeled yeast. COSphoxFc␥R cells express all the components of the phagocyte NADPH oxidase and Fc␥RIIa, but they do not contain endogenous ARHGAP25 ( Figure 3A) . The wild-type and the loss-of-function mutant of ARHGAP25 could be expressed in COSphoxFc␥R cells at similar level ( Figure 3A) .
We measured the phagocytosis of COSphoxFc␥R cells overexpressing the CFP-tagged full-length ARHGAP25, the CFP-ARHGAP25R192A, or transfected only with the control vector. Typically, the CFP-ARHGAP25 transfected COSphoxFc␥R cells were not able to phagocytose opsonized yeast; however, the binding of the particles was visible ( Figure 3E,I ). Yeast uptake in the cells over-expressing the CFP-ARHGAP25R192A or only CFP was not inhibited (Figure 3C-D,G-H) . We determined the percentage of phagocytosis and phagocytosis index of COSphoxFc␥R cells. In 3 separate experiments, ϳ 10% of the ARHGAP25 transfected cells phagocytosed 2 or more yeast particles (phagocytosis %; Figure 3K ). The total number of phagocytosed yeast particles in 100 transfected cells (phagocytosis index) was only ϳ 30 ( Figure 3L ). In contrast, percentage of phagocytosis of control vector-treated and ARHGAP25R192A-transfected cells was ϳ 30% (Figure 3K) , and the phagocytosis index was ϳ 160 ( Figure 3L ). GAP-deficient ARHGAP25 was typically detected around the phagocytosed yeast particles (supplemental Figure 4B ,E). In the rare cases when phagocytosis did occur in COSphoxFc␥R cells transfected with wild-type ARHGAP25, also the wild-type protein appeared to be enriched around the phagosomes (supplemental Figure 4C,F) .
To investigate the specificity of ARHGAP25 on phagocytosis, we transfected COSphoxFc␥R cells also with p50RhoGAP, that has been characterized earlier to have RacGAP activity in human neutrophils. 10 The RacGAP activity of p50RhoGAP has been verified in the EGF-induced ruffling assay ( Figure 2H , L-M). Nevertheless, expression of p50RhoGAP in COSphoxFc␥R did not interfere with phagocytosis of opsonized yeast particles ( Figure 3F ,J-L).
ARHGAP25 regulates the phagocytosis of PLB-985 cells and primary macrophages
Endogenous ARHGAP25 was detected in the PLB-985 cell line, which can be differentiated to neutrophilic granulocyte-like cells. After 7 days of differentiation, ARHGAP25 expression was significantly increased ( Figure 4A ). For functional studies, stable ARHGAP25 knockdown PLB clones were generated. Although significant amount of the protein was detectable in cells treated with control shRNA and in nontreated cells, effective shRNA caused marked decrease of ARHGAP25 level ( Figure 4B ). By densitometry, ARHGAP25 expression in each of the 6 isolated clones was decreased more than 5-fold by ARHGAP25 knockdown (data not shown). ShRNA treatment did not interfere with the differentiation of PLB cells (supplemental Figure 5 ).
To explore the potential involvement of endogenous ARH-GAP25 in phagocytosis, the effect of ARHGAP25-silencing was examined with opsonized, fluorescently labeled yeast. Phagocytosis was evaluated using a flow cytometer. When opsonization was carried out with pooled normal serum, phagocytosis in differentiated PLB-985 cells attained 60%. Uptake of normal serum-opsonized yeast in ARHGAP25-silenced PLB cells was 20% higher than in untreated or control shRNA-treated cells ( Figure 4D ). In normal pooled serum both complement components and immunoglobulins are present, thus phagocytosis can occur both via complement and Fc receptors. Heat inactivation of pooled serum blocks the enzymes of the complement system, resulting in loss of complement receptor-dependent phagocytosis. Efficiency of phagocytosis of heat-inactivated serumopsonized yeast in PLB-985 cells was approximately 20%, and no significant difference could be observed between ARHGAP25-silenced and control shRNA-treated cells ( Figure 4D ). In view of the observed differences depending on the mode of opsonization, we investigated the expression of Fc␥R on differentiated PLB cells. In flow cytometry analysis we could detect only very weak expression of Fc␥RIII, and the expression level of Fc␥RII was more than 100-fold lower than on PMN (data not shown). Our observation agrees with a previous study carried out in PLB cells after DMFA-differentiation. 30 These results explain the low phagocytic capacity of PLB cells in the absence of complement components.
The effect of ARHGAP25 silencing on phagocytosis was also investigated in primary macrophages differentiated from monocytes of fresh blood. An increase of ϳ 30% was detected ( Figure 4C,E) . 
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ARHGAP25 is a potential regulator of actin remodeling
Phagocytosis requires significant reorganization of the actin cytoskeleton, a process dependent on small G proteins, particularly Rac. 31 To test whether ARHGAP25 has any effect on filamentary actin formation, F-actin was labeled fluorescently with Alexa-488-conjugated phalloidin and measured by flow cytometry. F-actin levels showed a tendency to be higher in ARHGAP25 knock-down PLB cells (Figure 4F ), but in 13 (silenced) and 16 (control shRNA) separate experiments, the difference was not statistically significant ( Figure 4G) . Stimulation of the ARHGAP25-silenced and control shRNA treated PLB cells with phorbol ester before actin-staining did not affect the F-actin level in 5 separate experiments, but the difference between silenced and control treated cells remained observable (data not shown).
Superoxide production in ARHGAP25 knockdown PLB cells
ARHGAP25-silenced and control PLB cells were stimulated with opsonized zymosan or phorbol ester (PMA). The opsonization protocol was the same as in the previous phagocytosis experiments. As shown in Figure 5A , an ϳ 3-fold increase was detected in the rate of superoxide production on normal pooled serum-opsonized zymosan (OPZ) in silenced cells, compared with control shRNA-treated cells. Opsonization of zymosan with heat-inactivated serum (hOPZ) abolished the difference. HOPZ stimulus caused a relatively slow superoxide production both in knock-down and control cells that started to increase after a 5-minute lag phase ( Figure 5B ). The increase after 15 minutes was similar to the response of control PLB cells after OPZ stimulation. In 9 experiments, superoxide production induced by PMA showed no significant difference between silenced and control shRNA-treated cells ( Figure 5C ).
Discussion
Phagocytosis is a complex process: binding of the particles to specific receptors initiates diverse signaling pathways that lead to actin polymerization, alteration of the phosphoinositide metabolism, and assembly of the NADPH oxidase complex. Small For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From GTPases of the Rac/Rho subfamily are involved in all these processes. 32, 33 Fine spatial and temporal coordination of the activity of small GTPases depends on the regulatory proteins GAPs, GEFs, and GDIs. 4 In previous studies, 3 different GAPs have been identified in human neutrophils. 10, 14 However, data on the function of these GAPs issue mainly from experiments on genetically modified mice, 11, 12 and in case of p190RhoGAP, observations on human and murine neutrophils are contradictory. 14, 15 We have expressed the full-length ARHGAP25 protein for the first time and show that under in vitro conditions it affects GTP-hydrolysis only on Rac and not on Cdc42 or Rho ( Figure  2B-D) . This property is different from Bcr, p50RhoGAP, and p190RhoGAP, which were all shown to act on more than one member of the Rho-family GTPases. [34] [35] [36] Full-length ARHGAP25 and the 2 GAP-domain containing fragments were similarly efficient RacGAPs (Figure 2B ), indicating, that-unlike several other Rho-family GAPs-ARHGAP25 is not subject to autoinhibitory regulation. [36] [37] [38] [39] We determined that arginine192 is critical for the RacGAP activity of the protein (supplemental Figure 2) .
Investigation of the tissue-specific expression of ARHGAP25 mRNA confirmed the data of the EST database and indicated high expression in spleen and leukocytes. With help of our polyclonal antibodies we could detect the protein in all peripheral blood leukocytes and in the granulocyte-like cell line PLB-985, but not in COS cells (Figures 1C, 3A, and 4A) . Expression of wild-type and GAP-deficient ARHGAP25 in COS cells supported the Racspecificity of the protein also under cellular conditions ( Figure  2E-G,I-K,M) .
The functional role of ARHGAP25 was investigated in 2 model cell lines and in primary macrophages. COSPhoxFc␥R cells express all the subunits of the NADPH oxidase and Fc␥RIIa, but no complement receptors and no ARHGAP25 ( Figure 3A) . Overexpression of ARHGAP25 in COSphoxFc␥R cells caused significant decrease of phagocytosis of serum-opsonized yeast particles compared with control cells (Figure 3C -E,G-I,K,L). Moreover, mutation of the critical arginine in the GAP domain (ARHGAP25R192A) abolished the inhibitory effect of ARHGAP25 on phagocytosis of COSphoxFc␥R cells, which proves that the GAP activity of the protein is required for the observed effect. Expression of another GAP for the Rac/Rho family that was shown to be present and have intensive RacGAP activity in human neutrophils, 10 did not impair phagocytosis of opsonized yeast particles in COSPhoxFc␥R (Figure 3F ,J-L) indicating that not all RacGAPs exert identical effects.
Differentiated PLB-985 cells express endogenous ARHGAP25 ( Figure 4A -B.) In these cells silencing of ARHGAP25 resulted in significant increase of uptake of opsonized yeast particles ( Figure  4D ) and phagocytosis-related superoxide-production ( Figure 5A ). Because of the low expression of Fc-receptors, phagocytosis occurred mostly via complement receptors. The 2 models of neutrophilic functions used in this study allowed different approaches. In PLB cells silencing of endogenous ARHGAP25 resulted in an increase of phagocytosis, whereas in COSphoxFc␥R cells overexpression of ARHGAP25 clearly inhibited phagocytosis. In addition, the effect of silencing of ARHGAP25 has been verified also in primary cells ( Figure 4E ). The complementary effects observed in the 2 different models plus the findings in macrophages strongly suggest that ARHGAP25 functions as a negative regulator of phagocytosis.
In classic studies carried out on macrophages, it has been shown that Rac and Cdc42 have regulatory roles in Fc␥R-mediated phagocytosis, whereas RhoA is involved in complement receptorsignaling. 40 However, later studies have shown that in neutrophilic granulocytes complement receptor ligation induces activation of Rac and Cdc42 as well. 41 Thus our finding that a RacGAP is involved in the signaling pathway of both Fc␥R and complement receptors is in line with previous experimental data.
The domain structure of ARHGAP25 is similar to that of ARH-GAP24 (also called FilGAP), another Rac-specific GAP with 40% to 61% homology between the relevant domains of the 2 proteins. 18 FilGAP was shown to bind to the actin-crosslinking protein filamin A, and to regulate lamellae formation in fibroblast-like cells. 18 In our experiments on differentiated PLB-985 cells, silencing of ARHGAP25 resulted in an increase of the F-actin level ( Figure 4F-G) . On the other hand, ARHGAP25 overexpressed in COS cells colocalized with endogenous Rac (supplemental Figure 3) and in phagocytosing cells it was enriched around the phagosomes (supplemental Figure 4) . The hypothesis that ARHGAP25 may regulate phagocytosis via local modulation of the actin cytoskeleton is compatible with observations made in all investigated cells. Taken together, we suggest that ARHGAP25, a novel leukocytespecific RacGAP is a negative regulator of phagocytosis in neutrophilic granulocytes potentially acting via Rac-dependent F-actin reorganization. ARHGAP25 may be involved in a step that is common in the signaling pathway of Fc and complement receptors, but upstream of the assembly of the NADPH oxidase complex. Investigation of the interacting partners and regulation of ARHGAP25 will be the subject of future studies.
